Fifty children admitted for malnutrition were age matched with 50 admitted for other reasons. These children were more likely to be female (p ¼ 0.003), born low birth weight (p ¼ 0.02), after a short birth interval (p ¼ 0.014) and to be incompletely vaccinated (p < 0.001) than control children, and to be living in rural villages or settlement housing (p < 0.001) with inadequate water supply (p < 0.001) and sanitation (p ¼ 0.037), with overcrowding (p ¼ 0.016) and low household income (p ¼ 0.04). Their parents were more likely to have had no or only rudimentary education than parents of control children [Odds ratio (OR) 3.58 for mothers, 4.12 for fathers]. Parental consumption of alcohol as well as smoking in the mother was more common in the malnourished children. Running water in the house was an independent protective factor (OR 0.23) and the fathers' poor employment status (OR 4.12) an independent risk factor. The solution to malnutrition involves improving community understanding of nutrition and in reducing social inequalities.
Introduction
Malnutrition is one of the most important global child health problems and accounts for 11% of the global burden of disease [1] . Malnutrition impairs immunity and puts children at risk of severe, frequent and prolonged bouts of illness. Directly and indirectly it affects a child's growth and cognitive development. It was recently estimated that undernutrition contributed to 45% (3.1 million) of the deaths in children less than 5 years of age in 2011 [2] . The World Health Organization (WHO) estimated that 27% of children less than the age of 5 years from developing countries were malnourished and about 3.5% suffered from severe malnutrition in 2009 [3] .
Nutritional status is usually expressed as Weight for Age (WFA) in relation to the international standard, but is more accurately assessed by Height for Age and Weight for Height. Values below the normal range indicate varying degrees of stunting and wasting.
Recent global estimates put the prevalence of underweight (WFA, <À2 Z scores) at 15.1%, and stunting at 24.7% [4] . In Papua New Guinea (PNG) 18% of children are considered underweight, 5% severely underweight, 44% are reported as stunted and 5% as wasted [5] . In 2012 a total of Child-related factors were basic demography, birth history, feeding practices and immunization status. Parental factors were basic demography, education level and employment status. Socio-economic factors were household and environmental factors including number of people and income earners in the household, area of residence, type of housing, sanitation and water supply.
Methodology
This age-matched case-control study was conducted in the paediatric wards at the PMGH during a 6 month period from April to September 2013. The PMGH is a tertiary referral hospital which also serves the populations of the city and the surrounding areas. Cases were defined as children aged 1 month to 60 months admitted to the paediatric wards with a diagnosis of malnutrition. Malnutrition was defined as a WFA of less than À2 standard deviations (SDs or Z scores) or more from the WHO standard WFA mean with or without the presence of oedema. Controls were children with WFA more than À2 SDs from the mean who were admitted for other acute illnesses, age matched to within 1 month of the cases. Children who had tuberculosis, HIV infection, malignancy or congenital abnormalities were excluded from this study.
Data collection and materials
A pretested questionnaire was used in a face-to-face interview with the parents or guardians of the subjects to obtain basic demographic information. The children's health record books were checked to determine immunization status. A measuring tape, a height/length measuring board, a standard weighing scale and a Mid Upper Arm Circumference (MUAC) tape were used to obtain anthropometric measurements, and a clinical examination was performed by the first author. Consent from the parents or guardians was obtained before the interview. The malnourished children with diarrhoea and dehydration were weighed after they had been rehydrated.
Sample size and statistical analysis Using Epi info Statcalc statistical software, it was calculated that 50 cases and 50 age-matched controls were sufficient to achieve 80% power to detect a 30% difference in the presence of risk factors between cases and controls with 5% statistical significance. Data analysis was performed using SPSS Statistical Software package version 20. Continuous variables were analyzed using independent samples t-test for normally distributed data and Mann Whitney Utest for skewed data. Categorical variables were analyzed using chi-square tests. p values of 0.05 were considered significant. Stepwise multiple logistic regressions were performed to adjust for confounding variables and to identify independent risk factors associated with malnutrition.
The study was approved by the School of Medicine and Health Sciences Research committee.
Results
Demographic characteristics of the cases and control Fifty cases were age matched on a 1:1 basis with control children. Tables 1 and 2 show the anthropometric details of the children in the study. Thirty-eight (76%) of the cases were severely malnourished (WFA < À3 SD). Oedema was present in 34% of the cases. Forty-four (88%) of the cases had associated diarrhoeal illness, four (8%) had pneumonia and two (4%) had both diarrhoea and pneumonia. In the control group, 13 (26%) were admitted for diarrhoeal disease, 19 (38%) for pneumonia, 1 (2%) had both diarrhoea and pneumonia and 17 (34%) had other acute illness including urinary tract infection, cellulitis and malaria. The stated place of origin of cases and controls was similar, with approximately half being of highlands origin. Table 3 compares the characteristics of the children in the two groups. There was an unequal distribution of gender, with a preponderance of female cases. Low birth weight, having a birth interval less than 2 years, poor immunization status and being fed less than three meals per day were significantly more common in malnourished children. Tables 4 and 5 compare maternal and paternal characteristics between the groups. Mothers of the malnourished children were younger, of lower education status, less likely to be married and more likely to smoke and to drink alcohol compared with mothers of the control children. Fathers of the malnourished children were of lower education status, were more likely to be unemployed and more likely to drink alcohol compared with those of the control children. Table 6 shows the socio-economic, environmental and household factors studied. Malnourished children were more likely to come from homes with more occupants, from settlements, from semipermanent, shanty or bush-material houses and from homes with poor sanitation and water supply compared with the control children. Table 7 shows the results of logistic regression analysis of risk factors for malnutrition. Lack of running water supply in the house and fathers employment status (being unemployed or working as a market seller), remained as independent risk factors for malnutrition.
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Discussion
This study has a number of limitations. It was powered to detect a large difference (30%) in the presence of risk factors between the cases and controls. A larger sample may well have found other factors to be significant. Identification of age-matched control children took longer than anticipated owing to the differences in the age groups of children presenting with different problems. This study assessed only a selection of the potential factors associated with malnutrition in other studies. The mean age of the malnourished children in this study (17 months) is consistent with international data [3, 9] . Poor nutritional intake is a major factor in malnutrition, and being fed less than three meals per day was highly associated in our study-as in other studies [10] .
Our findings are similar to those reported from other countries. A recent population-based, multicentre, nested case-control study done in the city of Namin in Iran [11] found that the female gender, poverty, short maternal height and the use of unhygienic latrines in the home were significantly associated with childhood malnutrition. A casecontrol study from India found that the independent factors associated with malnutrition were low birth weight, feeding diluted milk or the absence of milk in the diet, having suffered illness in the past 1 month and a short birth interval [12] . Other studies have shown the association between short birth interval and malnutrition [13] .
A study from Botswana [14] showed a protective effect of the presence of both parents in the family against malnutrition. In an age-matched case-control study from Ethiopia [15] severe acute malnutrition was independently associated with a lack of exclusive breastfeeding for the first 6 months of life and late initiation of complementary diet. A report from Bangladesh found that although breast feeding was the norm, exclusive breast feeding for 6 months was practiced by less than 50% of mothers, and this together with inadequate complementary feeding was associated with malnutrition [16] . Information on the duration of exclusive breastfeeding in our study was incomplete, but there were no differences in the age at which complementary feeds were introduced between the two groups.
The gender imbalance between the cases and control children is particularly striking when the normal male preponderance in hospital admissions of children in most developing countries is considered [17] . Whilst there may be cultural and traditional factors involved, the data did not allow this to be explored further. More studies on this issue would seem to be indicated. Numbers not adding to 50 because of missing data or unknown.
Three quarters of children admitted with malnutrition were severely underweight for age (<À3 SD). The proportion of stunted children increased concordantly with the grading of underweight. In contrast, wasting in malnourished children was comparable in both moderate and severe underweight. Diarrhoeal disease was the most common associated diagnosis in the malnourished group, followed by an acute respiratory tract infection. Malnourished children are susceptible to infectious diseases because of the deterioration of their immune function. Low birth weight in PNG is likely to be due to foetal growth restriction often influenced by maternal nutritional and socio-economic factors that inadvertently shape the child's environment in which it continues to grow suboptimally after birth. Malnourished children had poorer immunization status than their controls. Poor immunization status, which predisposes the children to disease, may be the result of poor parental education, difficulty in accessing health facilities or lack of properly functioning health facilities.
A low level of mother's education was a highly significant risk factor for malnutrition on univariate analysis. Associations of malnutrition with poor maternal education status are reported from many different countries [18] [19] [20] , and it is well recognized that maternal education level is strongly correlated with child health indices [21, 22] . The current figure for adult female literacy in PNG is 56% [23] and many girls enrolled in primary education fail to complete even this level. The magnitude of the effect of fathers' education on child health is thought to be about half compared with that of mothers [21] . In univariate analysis, low education status of the father was associated with malnutrition, but on multiple regressions it was clear that employment status-and probably its relationship with poverty-was a much more important factor. The habits of parents in regard to tobacco and alcohol consumption also contributed to malnutrition. The high prices of tobacco and alcohol products predispose the families in which parents partake of such practices-particularly those on low or no incomes-to increasing poverty and inevitably malnutrition in their children. Exposure to cigarette smoke may itself affect child growth. A study from Pakistan found that smoking in the living place was significantly associated with stunting [18] . The family's access to clean running water, good sanitation and adequate housing were all factors influencing nutritional status of the child. The number of people with whom a child had to share his or her family's limited resources also contributed to malnutrition. The chances of developing malnutrition for a child living in a rural village or in a settlement were far greater than for those who lived in proper town areas with good housing, water supply and sanitation. In Uganda, it was found that children from rural areas were more underweight than those from urban areas [20] . In a Brazilian study, stunting and underweight correlated strongly with the type of housing [24] . Stunting was common in households without piped water in both urban and rural areas, and wasting was common among children using a well or a public water supply. In the same study it was noted that stunting and underweight were relatively low in households with flush toilets, intermediate in those with pit latrines and highest in those without a toilet.
Conclusion/Recommendations
Our findings reinforce the fact that malnutrition is not simply a medical problem. If the prevalence of malnutrition in PNG is to be reduced, attention must be paid to improving the education of girls and women, improving job opportunities and providing safe water and sanitation to rural villages and urban settlements. More aggressive and widespread campaigns focusing on good hygiene, good nutrition and family planning are urgently needed.
